Numerical calculations based on the higher Chapman-Enskog approximations show that mutual diffu sion coefficients calculated from binary mixture viscosity data agree within experimental uncertainty with the measured D12 values at compositions corresponding to a trace of the heavy component.
I. INTRODUCTION
I N the first Chapman-Enskog approximation, the viscosity of a binary gas mixture, [1Jmix]1, is related to the mutual diffusion coefficient of the gas pair, [D12]1, in a manner nearly independent of assumptions about the intermolecular forces. If experimental values of 1/mix are used in this formula, values of D12 can be calculated for monatomic and homonuclear diatomic gases which are generally in good agreement with directly measured values. 1 Although the ChapmanEnskog theory strictly applies only to molecules without internal degrees of freedom, the form of the relationship between [1Jmix]1 and [D12]1 remains unchanged when inelastic collisions are considered. 2 Weissman 3 has verified that D12 values estimated from experimental 1/mix for polyatomic and polar gases also compare favorably with direct measurements.
The advantage of the determination of D12 from 1/mix is that it provides a method for obtaining D12 values under conditions where direct diffusion measurements are difficult to make. Even though accuracy is lost in making the calculation, the viscosity data are usually accurate enough that the final calculated D12 involves no more experimental uncertainty than many directly measured values. In some cases, the viscosity derived D12 have in fact proved superior. 4 , 5 There remains the problem that all of these calculations involve only the Chapman-Enskog first approximations. Thus [D12]1 is independent of mixture composition, whereas experimental values of D12 may vary several percent with composition. Burnett 6 has pointed out that the values of D12 calculated from 1/mix cannot be true D12 values, since they are calculated from a theoretical first approximation; neither can they be correct 
II. EQUATIONS
The Chapman-Enskog equation for the mth approximation to the viscosity of a binary gas mixture is 7 X ( xi2CBn <mJ _ 2x1x?m1-1 Cml + xiClL1_ 1<ml), X1X2CB(m) The corresponding expression for m = 2 is much more complicated.
III. CALCULATIONS
The numerical calculations are primarily concerned with mixtures of gases with rather dissimilar molecules. The theoretical formulas are expected to be accurate for mixtures of similar molecules, since they are known to be accurate in the limiting case of a mixture of a gas with itself,7• 10 which is the same as a single pure gas. Molecular weights and exp-6 potential parameters 11 have been used which correspond to the mixtures He-Ar, He-Kr, He-Xe, and Kr-Xe, although the results can also be viewed as pure numerical experimentation without reference to any specific real system.
A. Viscosities
A brief summary of the calculations of ['7mix]1 and ['1mix]2 is given in Table I . In general it can be seen that the second approximations differ but little from the first approximations; the first approximation to '7mix is therefore presumably accurate. The second approximation makes the largest contribution when the mixture contains a trace of the heavy component. This is in marked contrast to the thermal conductivity of a binary mixture, both in over-all accuracy and in the composition range where the first approximation is least accurate, for the Chapman-Enskog formulas for the thermal conductivity can be rather inaccurate in the range where the light component is in low concentration.12 The physical reason for this behavior is not hard to understand, given the knowledge that the Chapman-Enskog formulas give a rather inaccurate description of the collision of a few light, fast molecules with a collection of heavy, stationary molecules (Lorentzian mixture) . 7 When a mixture has the light component in low concentration, the thermal conductivity is dominated by such collisions because the light molecules are still the main energy carriers. The viscosity, however, is dominated by the motion of the heavy molecules, and collisions with a few light molecules scarcely affect the trajectories of heavy molecules.
The behavior of [ '1mix]z/[11mix]1 as a function of composition and temperature does not need to be reported in detail, since it can be understood in terms of the corresponding behavior for a single gas. It is well known that the contribution of the higher approximations for a single gas depends on the reduced temperature as shown in Fig. 1 . 10 The significant feature here is the minimum at about T* = l. Whenever the reduced temperatures of the pure components are nearly equal, the contribution of the second approximation to '7mix is nearly independent of composition, since the mixture then behaves roughly as a mixture of a gas with itself. If the pure component reduced tem- the contribution is monatonic with composition. If the pure component reduced temperatures straddle the minimum-e.g., T1*>l.0 and T2*<0.75-then the contribution shows a minimum with varying composition. These generalizations are consistent with the few numerical calculations reported by Saxena and J oshi. 8
B. Diffusion Coefficients
Of most interest for the present purpose is the status of values of D12 calculated from the expression for Calculations were also made on the polyatomic gas mixture N2-CO2, with the Lennard-Jones (12-6) potential. The results are in accord with those obtained for the noble-gas mixtures and are therefore not reported in detail.
IV. DISCUSSION
From the foregoing numerical study we conclude that [ D12] app as calculated from binary viscosity data is an accurate approximation to the true binary diffusion coefficient. If viscosity measurements on a mixture are available with an accuracy of 0.1 %, the calculated [ D12]app values are accurate to 1 % or better.
Since diffusion coefficients are a major source of information about forces between unlike molecules, this procedure provides such information from binary viscosity data as well. 
